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Abstract; Cereal protein has been extremely difficult to purify and
characterize owing to their heterogeneity, poor solubility and tenden-
cy to polymerize. In order to have a full understanding of structure
and function in cereal protein, to realize the separation and purifica-
tion of grain protein, the composition and characteristics of cereal
proteins were introduced briefly, introduced the research progress
comprehensive recitation on principle and model of the grain protein
purification domestic and overseas in recent years. The future re-
search prospects of cereal proteins were put forward as well.
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Table 1 The composition of cereal protein %
wy) HEHA HKEH EEED AEO
KoK 2~5 2~10 1~5 75~90
=2 5~10 5~10 55~70 30~40
INFE 5~10 5~10 40~50 30~45
KFE 3~10 10~20 35~50 25~45
Kb 34~40 33~39 19~25 3~8
EoK 2~10 2~10 50~65 30~45
M 5~10  50~60  10~16 5~20
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H e AT ROKRE B R E R A E B
B 7506 ~9006 . KOKER 5T H AT IR B0 A e 7 R P R
Ro 3 2 KV P B 2 SR AR S SR T A
KA PRV & & WAk 200 ~520 Xk A A7 R

AR B I B s OK R B B IR S R R AL G R
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TR E TR (AN A RS L& 3, 3308 WHO IKE R H
Bt AA e fERC OB AR W) (BY (8D S 77, 8 1 BAU
HHEPERED K 2.2, HETRAEARFEGAEA, K
43 W S G R A 0 SE B L R RO A B . HAE pH
B 4~ 10 J8 [ P 4k 22 08 TR L2k R R
FHERHTMALMEE « 8 pl 6.6~7. 5.3 8pl 9. 4~10. 3,
T B R ALy 326 ~82% 4T ROK R I R AE S £ 5
Tolk e Rz
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Table 2 The amino acid composition of cereal protein g/100 g
T R R Lys Cys Met Ile Leu Phe Tyr Trp Val Thr
KAEH 4.0 1.7 2.2 4.1 8.2 5.1 5.2 1.7 5.8 3.5
BREA 2.3 0.8 2.0 4.3 8.9 4.7 3.2 0.5 6.6 4.7
INEEE 2.5 2.2 2.1 3.6 6.8 4.8 3.2 1.3 4.2 2.9
Kb A 5.7 2.2 1.5 3.1 7.3 6.8 4.1 1.5 5.4 3.5
EAREH 2.0 1.7 1.3 4.2 14.6 3.2 5.2 0.6 5.7 4.1
HeEE M 3.7 2.2 2.4 4.2 7.8 5.6 3.3 0.8 5.5 3.3

.2 SEREARMNERRES

FRE LR FEE R RRE N (G5% ~ 700 MAEA
(3096 ~40 96 K4 Ji ., 5 26 1R BR 2R 1 45 B4 AIK IR 0 o e 1
Wiz, HEREARE & AR F OB AR . JEam. H
TR ERN AR B RN ERE. SRR &
REARPLTAER S B EAERE RN 41, 22% A XK
W53 (AAS) 2 50% . PER & F 2. 0, F B R 4 1) 24 35 82 7
g mmFI AR, mREORETREWERE QNS
B EH AR R R AR R (S-S WER . Bkl
1t S—S R R I (SHD , 73R 9 8O Ok, 6 2 K 4
TR U HOT 0 B H R 4 7E A P opl AL TERTE R
TS A B AG FA  BR O v ) T A v T KR LB S A
U LS o A R T
1.3 INEBEARNEARREA

NEEARA RS~ AN LB E R BMEEA
(40% ~50 V) FIERHE (30 % ~45%) L Fr A 1 1 & 1
JE/NFE R AR B Ay A i TR R R AL &
PO o 2 B i A R R E . B R R R R Y
/N T 5 46 F R LA AR 1 MR K 2 L A R L
A A8 1 W2 i 2L A P A o i B T B N A 1R
L4 XBEARMNARRES

KBEEARE AR THRESYEA, KIEHEAR 4% ~
LY MEREH B3N ~39Y) RSB HE. HEFRMET S
KEEE R IR 5 RO A T P b T R R R 2 5T 4
8 Pl A M wh 5 2 3 R ¥ i, A H LE 815& ‘B, Lys, Thr, Trp &
SR, JU IR A R Lys #ME T Y8R E 8 A7 7E 1Y i
GRS BB G, E R E R RRT, HE A RN
1.59~2. 04,

L EXREARMABKERER

Fok R RN A 1 (50% ~ 65%) FI A
(302 ~45Y0) F iy . TR BRI I [ 2 — Al BLAR 1) K 8%
PRAEE TR RE T B2 2L 35 W L 389 50 1) R S L LA AR 1 )
PR KR Rl R RE RO AN A T R B IR
mi B A A R IR B K SEVE . A K 2R E R AT
RIMCKRBENEAER . KRR E O RS 28RS0, 8]
# b A 2 A L RE Y A B e K LR F AR 2R IR 5 R
iy N 3 8 o o N s = Wl 0] L=
1.6 HEEARMNERRE S

EEAYEAT T, REHEAR T MEREA T R/EK
15 (5026 ~60%) LA BAF M iEfl k. MEE AW & 8 f
W AN H A ) A e BRI AA Lys # Trp, HH
Be bb #2308 FAO/WHO #7582, 8 22 8 O o ) T %
(NPU) ik 69. 1~72. 4, PER 3k 2. 25~ 2. 38, AAS & ik
68.2,BV 3y 74.5~79. 6, ¥ 455 HoAbAE 1 E IR .

2 wYEANn Yy Eaifte

Py B Al S R A BT RE 1Y 25 R AR R 4 S Al Ak )
A, P ] AR 4 B B/ B OIR L er B K P S T RE
P 25 S L AT A B AT . O T E A TR S
FURM I REYE S H AW R R, R 22 E R &
SDS—PAGE, & & 8 AH 3% RP—HPLC, mal B4
vk HPCE % JF Jj& T 4 W1 26 1 T oy 38 sl A 5%
2.1 MNEEARMSB4AL

ok /N2 B P TP R I AR R AR AR 40 B A Ak 1 F O
8 F 34 h £ RP—HPLC.CE fil SDS—PAGE %%, &
W[ 5515k F RP—HPLC 43 8 /) 32 6 2L B % 28 1 (gliadin)
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S SCHR A AR WD EE 1 23 B A s BT ST R

WFFE T W J0 EsF TR) L Ak 30 O 28 L A6 J3E X 40 B AR A R
Wi T i& B Gliadin RP—HPLC 4> & (19 ik £ 5 #F. 3
1 mL/min, #3& 60 ‘C, ¥ K 210 nm, iZ &4 F Al 13 5] 23~
46 NYIE, 2 AWEN R HBME KA Rk S K T NE
Tt F R0 R I EEAS (R B UK S5 1 F 1 4 B s8R S R R W)L 7
15 kVEL A 30 “C IR 4% 1 T FH B 28 i vl 3145 368w 14 43
PREME . G 1 SWEMEGR £k 40 UL E.S RER
5 BRI 43 BT B 7R 45 A 0 3 B B JE] dR R R 25 7E 0. 03 min
W,15 4 FW5hg RSD 2 0. 25% . Naeem H A ST i ff &
FLE R AR 4> B /N R L HE i 65 CCHF SR 2390 ~44 %
ACN ¥k BE RSB, 9% 3 0. 7 mL/min, 14 min pf§ HMW Hl LMW
ERFEEMEDNEESPH. Gao Li-yan 1 F| H HPCE
B3 FOARRI /N E S R T S FRAE AT
£ HMW-GS, Bt A WA 7E 14 min N #8153 2 43 &, Ik RP—
HPLC Htj# . Schober T J 251200 f| fj SEC—HPLC i i
SIMTT LR AR B L B ) AN T A 0 B2 K R ) g o
25 AN/INZE SR AT B T O B i MO RBGR I R R
HE BRI N B ), 2 BV 8 A AR SRR T K
R AW H (SPP) By AE F B F Il 28 8

AR ROEAHF BRI 2 TN EZE AR P IEREAOM
BRE MBS . Yu Zi-tong 555 R H RP—UPLC i 43 B
ML T/NE R KEER A I B 5 #%5% 11 RP—HPLC
SIHTHEAT T B B S B R E A, 11 RE
ST 18 A2 20 4 04 17 AR B I [ AR X A o 4 22 (RSD)
AR TE 0. 25% ~1. 25 % , W /& Al 04 1T AR 9 RSD 43 33 /N F
2% F1 3%, Morel M H % 58 1 /N2 i A} 2 14 55 3 1 48
P J5 R SEC—HPLC 43 B By R 25 R R L, M
FE e (S ) X Ty 38 5D SRy 3 000 (s« WOR, /N 2R (R BOR
AL E] 100 %6 . T H 42 B AR 5 ok 2 & i A G
k88 8 % F A Tricine—SDS—PAGE # ¥k %t /N % H H
I F B oM R . R EVE EA iRy b2
BT B 4 T AR 3. 83~7. 47 kU ; i It 25 11 1 i
ity vh Z2 KW B 1 4 F i R AR AE 4. 63~8.56 kU,
2.2 KXAEARMSBHEL

H A& TIOR8 B 264k 77 25 i iF 5 3 B4 R 7 ok i
T O A 00 R R 4l 7 A IR R IR LKk ik L R
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i BE o RE 4 T RN VAL G S I R L AR R OR R
[ 14K 40 o 2 Ak 4 R B oy i 20 1 — 2B BF oY 85 5 T g
PS5

Oszvald M %507 5 3t 8 7 b A5 31 009 KoK 26 (B 8 2203
SE—HPLC 583k 45 4 M4 5 % A 4 i — 4 817 SDS—
PAGE sy % A5 R EW Ay 1~3 FEZHHEA 45 4
BTG BREE R B R L O 5 AT g kR L AR AR
BB 0 W 5 W AR IR B A 1 Al Ak S B AT A/
B R W E AR EA<BREO<MAEAEA. F
PR BHERH €2 3% — i RS & 45 8+ 1K Bt il (SEC—HPLC
ICP—MS) BB AR 7 &R B, 25 SR R0, i = ZAF 7
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T>7 kDa WyE A EOMRES T, HhpE SmEa &
T4 F1 4 F 820 199. 8 kDa, XM % Bl Sephedex
G-75 #lifb KoK #E H . SDS—PAGE %€ Hir KRR G HA
Hr b RW—H )y 4y TN 32 kDa,
2.3 BREARMNS B4

SRR AR I 2 E AR AR B0 TUUE LK e R
T2 R R LV A M A e L R T R R TSR TR
Xof F e B 0 s ik R A b F VA R A L Blackwell D
L %438 17 SDS—PAGE 43 3 5 R BE 7 25 A 0 T 3
e B R M A B R A R I R AR T R A A B Y TE—
HPLC £ AR s 45 00 T i 3 B vs 45 1 2 43 25 45 3 10 A4
414), Bean S R 25" Fl| ] % i £ 4L % i RP—HPLC {4 %
MABTHEHBEEA.HH C.C.Cs %M £ LA E & H &
17 miny 45 8 T = SR H L KRB~ =0. 96,
2.4 HEAYMEARMSB&L

HiSWEARMAKEED EREQ MEED /DK
KM 1 ) HPLC 3 L bkok B ad o o7 b A7 v s 4tk
Celus T 25 Fi) i RP—HPLC—Cy #1622 & R 4 8
AL 3 AT 21 43 5 X 52 4 450 DL AS [R) 5 Al A o 7R R
KFERPFEXS G 0 2D A ik B AR X B | B AT T
RSN BT ORE SAERE REEARMER. £
HREREHNA 6, FHTE 43~66 kDa, 5 HL fi7E 6.5
4. Rodriquez-Nogales 252 45 4k 41 B 4% {2 1 A6 5 filf F 38
T AR 3 89 BRI E L 7E 4 min POREAE S 23 B R 7~9 A
W 5 3 T A 2 [ 2 AR TE 8 ~ 10 min P4 K B B4 55 )
9~12 PP | Nieto-Nieto T V 5 F| ] Agilent 1200 se-
ries B SE—HPLC, ¥ #6225 40 L EZ Y 3 D4 656~
22.4 kDa,21.4~0. 4 kDa.<C 0.4 kDa, 3K I3 2505 ) | o
73 2F o 4 B e 2 AR, WF o BB U 7 SO0 b A A 4 K
MOF503 4b #6484 H R BOR M, s L BIE T T . &
WS BR B 75 o B LW 4 SR 4 Bl 77, 6%.39%
41.6 L/(m® « b 8L g 7 X T o BOWE I BR 238 Y 95 Y
B RIS K 61, 2% .54, 3% .24.5 L/(m® « h) Wi &
G 0 L O S IR AR AT . Klose C %5 B 41 A
VKB ST T B 27 1 21 R AR A, 25 SR MR BITE BR B 1 VBV
HEAE A BRI /N TR R 1 A
Jin. AR AT i Ry kN ROK B R b T g 2
Bk, A MTT 32 588 T3 - (NH,), SO, I iE . Q B8
F A SP FHE F Rk R AR AR A, ik
N KB B e R 0 P 7 B (FMB) , FMB A 8 %15 5 9 41
JE R T AR X I 3 40 M A B 5 . He Xuan-hui 8557 fi]
F SDS—PAGE 43 85 T & 242 4b BRI 48 1 J b 381 76 A 43 B
O ERRIE LIS S BRI ERE O RE.
2.5 REAYEARMNSBA4URBEASBERA

1998 AR A SR FH i 2006 4148 L Uk o B /N 22 R TR
KR A B E AT REDY . Castro-Rubio 4507 ]
FHVEE RP—HPLC 528 7 R B8 [ 5 M/ ZZ L ROk A E K
SRYE PR PE W5y Bietz ] AR U 3 RP—
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HPLC & & Co X A IR T /I 22 T K h i AR 23 7 1 & i
HHQEBBEEAOMBEESEOVELH T ARSI E,
HAp R T ARBEEANRT 36 M QX BHEAM
B 25 NIy T HEHTE 6 500~80 000 Da, BE¥A P 4% 8
FOE 7 555 23 0. SYEARAHUE. kL,
A I — 1 23 g A Al T BOR R B AR ORI B SORTE
s EB i E Bon il — 5 100 B, Bean S R
AN B A4 XA UK (FZCE) 5 RP— HPLC A5 4 4/
E/EABRITPm S EAEEEd RP—HPLC 708, H
Sl A 19 4 5y BE4T T — 2 FZCE 20 i, P FE 45 R K
W76 2D @i B R A S RIS E A TN REX HE
BUVELF 3 WL BR R B I ] RSD X2y 1%,
3 JeH

B 5 15 20RO RE €30 2k L B AN PR K vk R R P O T L K
TR S A D SR TEAT W B B B A B T2 N A
Y& A 5oy B A — 2 R R AR TR L B R
BARZ J5 138 Ak T B B BL. T LUT L7 T 3R 47 58 35 F &
J A Wy A 1A 0 O R R 2 L T SR X LR AT AL B L o
i P HE— 2D AT 2 B A AL s s AOR A S B A T
A e R RR T S 50 5 ML B L A L ELIR S B 2
R TE v RO (38 23 i Al AL S [6) R 2 AR B dn e £
FREE 5 T A0 ] 32 5 1 5 AR B R L R W 2 o R o B AT
SR BN o a4 AR X A W B B IR D RE M T
YGRS AR AW S 2 M PR . AR
B VB R A WSR3 B R B Z ALy LB W 2
AH .

S & Lk

C1] for I, Z2p000, 22000, 46, A WAMK I H & R R V3%
[V, AL 2012(6) : 26-29.

(2] BRAG2F, BARAT, Jr 58, . FOR PRI 2 K09 Al i ) o5 X L Ht
AALTE BT R AR . 2013(4) ¢ 1-7.

[37] Castro-Rubio A, Garcia M C, Marina M L. Rapid separation of
soybean and cereal (wheat, corn, and rice) proteins in complex
mixtures: Application to the selective determination of the soy-
bean protein content in commercial cereal-based products[]].
Analytica Chimica Acta, 2006, 558(1); 28-34.

[47] Schmitt C, Bovay C, Rouvet M, et al. Whey protein soluble ag-
gregates from heating with NaCl: physicochemical, interfacial,
and foaming properties[ J]. Langmuir, 2007(23): 4 155-4 166.

[5] Wang Xian-sheng, Tang Chuan-he, Li Bian-sheng. et al. Effects
of high-pressure treatment on some physicochemical and func-
tional properties of soy protein isolates[ J]. Food Hydrocolloids,
2008(22): 560-567.

[6] M, K. GWE O MG I K IF &R0 0F 58 o R
(). &=L « %R CF) . 2013(6): 63-65.

[7] Yu Zi-tong, Han Cai-xia, Wang Shu, et al. Fast separation and
characterization of water-soluble proteins in wheat grains by re-
versed-phase ultra performance liquid chromatography (RP-UP-

LC)[J]. Journal of Cereal Science, 2013, 57(3): 288-294.

(8] EmAr, M. WNASYWE AR RMALLI]. B &
F. 2006(5): 110-113,

[9] Amano M, Ogawa H, Kojima K, et al. Identification of the ma-
jor allergens in wheat flour responsible for baker’s asthmal J].
Biochemistry Journal, 1998, 330(3): 1 229-1 234,

(100 A4 0, Soise, BUARMR. e R 1 0 2 LR UM 55 2

FEMTI]. & Tk, 2013(7) . 143-146.

C11] kAo, EAELr, JAIUN, 5. n] Ak B % A SR B0 £ 6 o i 1o
[J]. 25 MPLm. 2004, 22(1): 46-49.

[12] Mk, 28K 5. G4t FORE AWM TIR & K ka0

S REET, 2007, 32(11); 123-127.

(18] W H, MWW, LR, &5, EXREABMEARMI] &
f TR, 2014(2): 3-5.

[14] x4, K2, AP, MEEQRRSEMIRIERII] &
SRS ST & - 2014(1) . 132-136.

(157 skier, wWmt, Z20EF . 5. m a0 3% CHPLO) 43 B R R
HEBLT] el K224, 2003(21): 148-151.

C16] WIEHI . RAv s, 5, 5. /N EFLEEE & R & 80K
A (RP—HPLCO) 43 8 7 i iy @t s [J ). BUARAL &%, 2006
(6): 78-80.

C17] 2T 0T, X0 M. B0 X LUK 43 55/ 22 b B 2R 1 i F
20T, @i, 1998(3) . 68-70.

[18] Naeem H A, Sapirstein H D. Ultra-fast separation of wheat glute-
nin subunits by reversed-phase HPLC using a superficially porous
silica-based column[J]. J. Cereal Sci. , 2007(46): 157-168.

[19] Gao Li-yan, Ma Wu-jun, Chen Jing. et al. Characterization and
comparative analysis of wheat high molecular weight glutenin
subunits by SDS—PAGE, RP—HPLC, HPCE, and MALDI—
TOF—MS[J]. Journal of Agricultural and Food Chemistry,
2010, 58(5): 2 777-2 786.

[20] Schober T J, Bean S R, Kuhn M. Gluten proteins from spelt
(Triticum aestivum ssp. Spelta cultivars: A rheological and
size-exclusion high-performance liquid chromatography study
[J]. Journal of Cereal Science, 2006, 44(2): 161-173.

[21] Morel M H, Dehlon P, Autran J C, et al. Effects of tempera-
ture, sonication time, and power settings on size distribution
and extractability of total wheat flour proteins as determined by
size-exclusion high-performance liquid chromatography[J]. Ce-
real Chemistry, 2000, 77(5): 685-691.

[22] sk4LE . E45, WM I, 4. Tricine—SDS—PAGE Jll 2 /N
HEHEY o 7R LT i 597 k. 2012, 33(12):
168-171.

[23] Frederick F, Kim D. Preparation and characterization of rice
protein isolations[J]. Journal of the American Oil Chemists So-
ciety, 2000, 77(8); 268-272.

[24] B4, Z3F . BRACU. sl O B5 32 IO OK K i 28 8 i B 5
(). &SR Tk, 2006(4): 25-27.

[25] Oszvald M, Téméskozi S. Larroque O, et al. Characterization
of rice storage proteins by SE—HPLC and micro z-arm mixer
[J]. Journal of Cereal Science, 2008, 48(1): 68-76.

[26] )55, by 3CaE, 7, % (REUHER Gl — i B4 45 8 11
F S BT E A ROK S AR A AR LT ] ks, 2013, 41(6):

181



E2EFE2H

JESCIR 4 AV A

AL TT I I S

882-887.

[27] XSS, PRZRRE, BRER, 55, KOKMZ G E O 0 BER Z Hraifb
Be At BT [T ], £ fh % A2 BT R W 2 4. 2015(6) : 2 269-
2 274.

[28] Blackwell D L, Bean S R. Separation of alcohol soluble sor-
ghum proteins using non-porous cation-exchange columns|[]].
Journal of Chromatography A, 2012, 230(1): 48-53.

[29] Bean S R, Ioerger B P, Blackwell D L. Separation of kafirins
on surface porous reversed-phase high-performance liquid chro-
matography columns [ J]. Journal of Agricultural and Food
Chemistry, 2010, 59(1): 85-91.

[30] Celus I, Brijs K, Delcour J A. The effects of malting and mas-

hing on barley protein extractability[ J]. Journal of Cereal Sci-

ence, 2006, 44(2): 203-211.
(311 XUSEHE, FhRYT . JRBri . . 7R R 7™ B i K 2 2 A O 1)

Lk 22 Sk 4 T LT . ?F%mun 2013(6): 23-26.

[32] Rodriquez-Nogales ] M, Garcia M C, Marina M L. Develop-
ment of a perfusion reversed-phase high performance liquid
chromatography method for the characterization of maize prod-
ucts using multivariate analysis[J]. J. Chromatogr. A, 2006,
104(1): 91-99.

[337] Rodriquez-Nogales ] M, Garcia M C, Marina M L. Monolithic
supports for the characterization of commercial maize products
based on their chromatographic profile. Application of experi-
mental design and classification techniques[J]. J. Agric. Food
Chem. , 2006(54). 1 173-1 179.

[347] Nieto-Nieto T V, Wang Yi-xiang, Ozimek L, et al. Effects of

partial hydrolysis on structure and gelling properties of oat

globular proteins[J]. Food Research International, 2014(55) :
418-425.

[35] sk, #ALGL, XKE, & PEgqERoEmEEn L2
BB eI AR 1T ] Rk TR, 2010, 3(3): 332-340.

[36] Klose C, Schehl B D, Arendt E K. Fundamental study on pro-

tein changes taking place during malting of oats[J]. Journal of

Cereal Science, 2009, 49(1) . 83-91.
[37] i, sV IN, 225546, 45, /N OROKOME ob 0 9 44 it 1 5 0% o
HEHEB i), A=, 2013, 34(9): 296-300.

[38] He Xuan-hui, Liu Hong-zhi, Liu Li, et al. Effects of high
pressure on the physicochemical and functional properties of
peanut protein isolates[ ] ]. Food Hydrocolloids, 2014 (36):
123-129.

[39] Bean S R, Bietz J] A, Lookhart G L. High-performance capil-
lary electrophoresis of cereal proteins[ J]. Journal of Chroma-
tography A, 1998, 814(1). 25-41.

[407] Castro-Rubio A, Garcia M C, Marina M L. Rapid separation of
soybean and cereal (wheat, corn, and rice) proteins in complex
mixtures: Application to the selective determination of the soy-
bean protein content in commercial cereal-based products[J].
Analytica Chimica Acta, 2006, 558(1) . 28-34.

[41] Bietz J A. Separation of cereal proteins by reversed-phase high-
performance liquid chromatography[ J]. Journal of Chromatog-
raphy A, 1983(255) . 219-238.

[42] Bean S R, Lookhart G L. Separation of wheat proteins by two-
dimensional reversed-phase high-performance liquid chromatog-
raphy plus free zone capillary electrophoresis 1 [J]. Cereal

Chemistry, 1997(74) . 758-765.

(k3% 177 7O

[62] Nagatani N, Takeuchi A, Hossain M A, et al. Rapid and sensi-
tive visual detection of residual pesticides in food using acetyl-
choline esterase-based disposable membrane chips[J]. Food
Control, 2007, 18(8): 914-920.

[63] s, XIBET, (R0, 5. W0l K 5 S8 v A BL#k A
2RI, i 5P, 2010, 26(2) . 40-42.

[64] Alina C I, Ton I, Alina C, et al. Acetylcholinesterase voltam-
metric biosensors based on carbon nanostructurechitosan com-
posite material for organophosphate pesticides[J]. Materials
Science and Engineering C, 2010, 30. 817-821.

[65] . BB . mal. &, BRIk R IER R
A% BRI P g BRI LT . TEoR AR RE . 2007(1) 2 198-201.

[66] Dalvie M A, Sinanovic E, London L, et al. Cost analysis of
ELISA, solid-phase extraction, and solid-phase microextraction
for the monitoring of pesticides in water[J]. Environmental Re-
search, 2005, 98(1): 143-150.

[67] Joshi K A, Tang J, Haddon R, et al. A disposable biosensor
for organophosphorus herve agents based on carbon nanotubes
modified thick film strip electrode[ J]. Electroanalysis, 2005,
17(1) . 54-58.

[68] Wang Lei, Zhang Li-jie, Li Wei, et al. Determination of organ-
ophosphorus pesticides based on biotin-avidin enzyme-linked im-

182

munosorbent assay[J]. Chinese Journal of Analytical Chemis-

try, 2011, 39(3): 346-350.

[69] Qian Guo-liang, Wang Li-ming, Wu Yun-ru, et al. A mono-
clonal antibody-based sensitive enzyme-linked immunosorbent
assay (ELISA) for the analysis of the organophosphorous pesti-
cides chlorpyrifos-methyl in real samples[J]. Food Chemistry,
2009, 117(2): 364-370.

[70] i, WhZepc, 55, 5. N JTIAH 4y 8 Al 00 5 AR 24 3% B BT 9
JelTD. KILK2E24M: AR M, &4, 2009, 6(3):
60-65.

[71] E#0, 245, Whvk, %5, L DTNB S B3 4 # 0 o 7 fi opr 1
PEBERR B0 A Wt Bk i B )], &R, 2010 (12) .
312-315.

[72] Kumaravel A, Chandrasekaran M. A novel nanosilver/nafion
composite electrode for electrochemical sensing of methyl para-
thion and parathion[J]. Journal of Electroanalytical Chemistry,
2010, 638(2): 231-235.

[73] Kumaravel A, Chandrasekran M. A biocompatible nano TiO,/
nafion composite modified glassy carbon electrode for the detec-
tion of fenitrothion[J]. Journal of Electroanalytical Chemistry,
2011, 650(2): 163-170.

[74] {HH3 . MOKT, PIRA, . 5000 8 45 i 28 W) 1% B i 45 S fr
i A AR 25T ] AR, 2015, 15(3) . 166-173.



